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We analyze a general timediscrete mathematical model of host-parasite population dynamics with harvesting,
in which the host can be regarded as a pest. We harvest a portion of the host population at a moment in each
year. The $princ\ddagger pal$ target of the harvesting is the host. Our model involves the density effect on the host
population. We investigate the condition in which the harvesting of the host results in an eventual increase
of its equilibrium population size, analytically proving that the $parad\propto ical$ increase could occur even when
the harvesting does not directly affect the parasite population at all. Our result8 imply that for a family of
pest-enemy systems, the paradox of pest control could be caused essentially by the interspeciflc relationshlp
and the intraspecific density effect.
1
. ([6, 8, 9, 12, 15,
17, 18, 20, 21, 25] ) , ,
$(oesu\eta enoe)$
, ( , [2, 3, 4, 5, 7, 18, 25] ) DeBach [3]
, , $[10, 16]$
, , , .
, (paradoxical)
[18] , ,
(peSticideresistance) ( [18] )
(trophobiosis) $[1, 18]$ . (sublethal dose)




$h_{\iota+1}$ $=$ \mbox{\boldmath $\lambda$}R(ht)\Pi (h , $P\iota$) $h_{t}$ ; (1)
$p_{t+1}$ $=$ $\mu\{1-\Pi(h_{t},p_{\ell})\}h_{t}$ .
, $h>0$ $0<R($ $)$ $< \infty,\lim_{harrow 0+}R($ $)$ $=0$, $\geq 0,$ $p\geq 0$ $0\leq\Pi(h,p)\leq 1$
\Pi ( ,0) $=1$ t, $p_{t}$ , , $t$ ( ) ,
\mbox{\boldmath $\lambda$}R( , $R$ (density effect)
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$R($ $)\equiv 1$ , \Pi ( , $p$) $=e^{-\alpha p}$ ($\alpha$ . $T$ ) ,
Matsuoka and Seno [14] , (1)
:
t+l $=$ $\lambda\{\theta R(\text{ _{}t})+(1-\theta)R((1-\rho)\text{ _{}t})\}$ (l–\mbox{\boldmath $\rho$})\Pi (p-t) t;
(2)
$p_{\ell+1}$ $=$ $\mu(1-\rho)\{1-\Pi(\tilde{p}_{t})\}\text{ _{}t}$ .
, $\tilde{p}_{t}=\{1-(1-\theta)f(\rho)\}p\ell$ . $\rho(0\leq\rho<1)$ , [ ]
( ) .
$\theta(0\leq\theta\leq 1)$ , , $\theta=0$
, , $\theta=1$ . $0<\theta<1$
, , $f(\rho)$ , [ ]
, [ ] (
[14] ) Matsuoka and Seno [14] . , $R(h)=1/$( $1+b$ ), $\Pi(p)=\epsilon^{-\alpha p}$
Beverton-Holt .
$b$ , , ,
(logistic ) ,
Nicholson-Bailey . Poisson $[22]_{\text{ }}$
3
Matsuoka and Seno [14] (2) . [ ]
( ) ( 1 )
, [ ] $(f(\rho)=0)$ ,
, Beverton-Holt Ricker $R($ $)=\epsilon^{-\beta h}$
. Beverton-Holt
(negative binomial distribution type) $\Pi(p)=[1+\{1-(1-\theta)f(\rho)\}p/k]^{-k}$ ($k$
) , $b$ $k$
Matsuoka and
Seno [14] , ( & )
, Matsuoka and Seno [14] , (2)
[24] (2) $R=R($ $)$ $\Pi=\Pi(P)$ (
) . : $R( O)=1,\lim_{harrow\infty}$ $R($ $)=0$, $>0$ R’( ) $<0,$ $\Pi(0)=1$ .
$\lim\Pi(p)=0,$ $p\geq 0$ $\Pi’(P)<0$ $\Pi’’(P)\geq 0$ , [ ]
[ ] , $f(\rho)=0$
$R$ $\Pi$ (2) ( 1 $p^{n}$ ) , $\rho$
$h^{*}$ [24] :
$[ \theta\cdot R(9_{1-}\omega_{\rho})\frac{d}{dp}\log\{Q(p)\Pi(p)\}+(1-\theta)\cdot R(Q(p))\frac{d}{dp}$ log $\{R(Q(p))Q(p)\Pi(p)\}]_{p=p}$ . $<0$ (3)
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(a)
Fig. 1: Matsuoka and Seno [14] (2) ( ) (a)
$\beta=0.75;\theta=0.5;f(\rho)=0_{\text{ }}\lambda=2.5,$ $\rho=0.2$ ( ) $\lambda=5.0$ ,
$\rho=0.3$ ( ) $t=1OO$ , .
(b) $tarrow\infty$ $(\rho, f(\rho))$- $\lambda=5.0;b=0.75;\theta=0.5$ ;
$\alpha=\mu=1$ density plot
$f(\rho)=0$
, $Q(p)=p/[\mu\{1-\Pi(p)\}]$ ($p$ ) , $R$ $\Pi$
, $p^{*}$ ( ) $\rho$
( ) , \partial $2/\partial\rho$ $\partial p/\theta\rho$
(2) (3) , , $\Pi$
, - $\rho$ :
$p>0$ ,
$\frac{d}{dp}\{Q(p)\Pi(p)\}<0$ . (4)
, Matsuoka and Seno [14] , , $\Pi(p)=e^{-ap}$ ,
(4) , $\theta$ ,
, $\theta=1$ , $\Pi(P)=(1+p/k)^{-k}$ ($k$
) (2) , $k>1$ , $k<1$
, .
, $\Pi(p)=(1+Cp^{a})^{-\beta}$ ($C,$ $\alpha,$ $\beta$ )
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Fig. 2: (2) , $\theta=1,$ $\Pi(P)=(1+$
$Cp^{\alpha})^{-\beta}$ ($C,$ $\alpha,$ $\beta$ )
[24]
$p^{*}$ -dependence , ,
$R$
, 3 , ,
.
. $R$
, (3) , $R$ $\Pi$ , $h$
$\rho$ : $p>0$ .
$\frac{d}{dp}\{R(Q(p))Q(p)\Pi[p)\}>0$ . (5)
, . (2)
, $R$ ($R’$ )
, [ ] . ,
, , $R$
, (2) $p_{t}\equiv 0$ ,
$n_{\ell+1}=\lambda\{\theta R(n_{t})+(1-\theta)R((1-\rho)n_{1})\}(1-\rho)n_{t}$ (6)
. [23]: (6) $n^{*}(>0)$
,
$[ \theta R(n)+(1-\theta)\frac{\partial}{\partial n}\{R((1-\rho)n)n\}]_{n=n}$ . $<0$ (7)
, $\rho$ $n$
, $\rho$ $n^{*}$ , ,
, $n=(1-\rho)n^{*}$ $d\{R(n)n\}/dn<0$ (
) (closed $Populati_{on}$) , ltm R(h) $=0$ ,
, (reproductive curve) return maP
$R(n)n$ , ( )
, (7) , $n>0$
$d\{R(n)n\}/dn\geq 0$ , ,
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,
, $\theta(\leq 1)$ (7) ,
,
. Beverton-Holt $R(n)=1/(1+bn)$ (
) , , Ricker $R(n)=e^{-\beta n}$ logistic
$R(n)=\{\begin{array}{ll}1-\frac{n}{n_{e}} for 0\leq n<n_{e};0 for n\geq n_{e},\end{array}$
(n ) ( ) , ($\theta$ )






























(integrated control), (integrated peSt management, IPM) ,
([6, 9, 17, 18, 20, 25] )
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